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(54) Position and speed determination for a closure 



(57) A control (36) utilizes a unique linear motor for 
a vehicle closure system (20) that has a plurality of rungs 
(26) crossing between side pieces. The rungs (26) are 
made to provide an individual signal to a sensor (34) 
such that the sensor (34) can identify the location of the 
closure (21) as it passes the rungs (26). In one example 



the distance between adjacent rungs (26) is varied such 
that each of the distances are unique. In this way, the 
control (36) can identify the actual location of the closure 
(21) by identifying the particular signal. In other embod- 
iments the rungs (26) are made to each be individual in 
some fashion. As an example, the size of each rung can 
be varied. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a simple and precise 
way of identifying position and/or speed of a closure 
such as a vehicle closure especially a glass panel. 
[0002] Vehicles are provided with moving closures 
such as windows, sunroofs, moonroofs, etc. In the prior 
art, these devices are typically powered by an electric 
motor driving the closure through some form of mechan- 
ical connection. One concern with such connections is 
that the closures are typically powered to close upon the 
actuation of a switch. Thus, an operator of a vehicle may 
actuate a switch to instruct the closure to move to a fully 
closed position. In those conditions, It is desirable to 
know the position of the moving panel at all times during 
the closing maneuver, for example in order to recognize 
the normal approach of end of travel as opposed to the 
presence of an obstacle in the path. 
[0003] More recently, the inventor of the present ap- 
plication has invented a unique linear motor drive for a 
vehicle closure. This invention is disclosed in co-pend- 
ing US patent application Serial No. 09/498,401 filed 4 
February 2000, and entitled "Integral Linear Motor". This 
invention includes a moving magnet that moves with the 
closure and an electric linear stator formed by a plurality 
of rungs arranged in a ladder-like fashion. The type of 
motor disclosed In the above- referenced application 
may be modified to provide position and/or speed feed- 
back. 

SUMMARY OF THE INVENTION 

[0004] In a disclosed embodiment of this invention, 
the stator for a linear motor for driving a vehicle closure 
is arranged in such a fashion that the rungs are distinct. 
In this way, a control can identify the particular position 
of the closure, and/or can also determine velocity infor- 
mation. From the velocity and position information the 
control can also assist an appropriate detection device 
in identifying the presence of an obstruction. 
[0005] In one embodiment, the distance between the 
rungs is modified such that the distance between each 
pairof rungs is individually different. In this way, the con- 
trol can sense the distance between two adjacent rungs, 
and know precisely where the closure is in its path of 
movement. This can also be utilized to determine veloc- 
ity of the moving closure. Once velocity is known, an 
obstruction can also be identified through an appropri- 
ate detection device. In this way, an obstruction can be 
predicted early in the path of the closure, and before the 
closure begins to pinch the obstruction. Notably, the ob- 
struction is the most typically a passenger's body part, 
and thus it is desirable to identify the obstruction as early 
as possible. 

[0006] In other embodiments, the shape of wires at 
any one of the rungs can be modified such that each 



rung can be individually identified. 
[0007] These and other features of the present inven- 
tion can be best understood from the following specifi- 
cation and drawings, the following of which is a brief de- 
5 scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic view of the basic linear 
10 motor for driving a closure. 

[0009] Figure 2 shows a first embodiment of this in- 
vention. 

[0010] Figure 3 shows a second embodiment. 

15 DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0011] A vehicle closure system 20 is illustrated in Fig- 
ure 1 having a moving closure 21 driven to move by a 

20 pair of movable magnets 22. The magnets are movable 
along a pair of linear motor stators 24. As can be seen, 
the stators have a pair of side pieces 25, and a plurality 
of rungs 26 crossing between the side pieces 25. Cur- 
rent is provided through the connections 28, and a linear 

25 motor is thus created. This basic structure is disclosed 
in the above-referenced United States patent applica- 
tion Serial No. 09/498,401 . As can be appreciated, when 
an operator requests the closure 21 to move to an open 
or closed position, current is actuated and the magnets 

30 22 are driven for movement. In this way, the closure 21 
also moves. 

[0012] Figure 2 shows an arrangement 30 wherein 
the moving magnet 32 also carries a sensor 34. The 
sensor 34 communicates with the control 36. In a pre- 

35 ferred embodiment, the sensor 34 may be a Hall-effect 
sensor. The stator 38 has a plurality of rungs, here 
shown as 40, 42, 44 and 46. As shown there are unique 
distances d.,, d 2 , d 3 , between each adjacent pair of 
rungs, 40, 42, 44, and 46. The amount of distance be- 

40 tween the distances d 1 - d 3 is exaggerated to illustrate 
the fact of the differences. As the magnet 32 moves 
along the stator 38 the magnet interacts with each rung 
40, 42, 44, and 46. Notably, in an actual embodiment 
there will be many more rungs. The interaction of the 

45 magnets and the rungs creates a magnetic effect that 
can be sensed by the sensor 34. Again the sensor 34 
may be a Hall-effect sensor. Each individual distance 
d 1t d 2 , and d 3 is distinct. The sensor can determine what 
distance is between each of the rungs, and thus know 

so precisely what position the magnet is at during the 
course of travel of the closure 21 . Moreover, as the mag- 
net moves through each distance, and by identifying the 
time it passes each of the rungs, the control 36 can also 
identify the velocity. 

55 [0013] Figure 3 shows another embodiment 50 hav- 
ing a stator 58 for driving the magnet 32 with its sensor 
34 and control 36. The rungs 60, 62, 64 and 66 are 
shown to be different in thatthey each have an individual 
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size which will vary the signal. Again, the illustrated dif- 
ferences are exaggerated. The sensor 34 is able to iden- 
tify which particular rung is being passed. The control 
will again be able to identify the exact location of the 
closure by looking at this unique signal. s 
The control will store a plurality of expected signals for 
each of the rungs (Fig. 3), or for each of the distances 
(Fig. 2). The sensed distance or width can then be com- 
pared to expected distances or widths such that the con- 
trol can identify which rung is associated with any one 10 
sensed signal. In this way, the control can identify the 
location of the closure. 

[0014] In sum, the present invention utilizes the 
unique motor structure of the previously filed patent ap- 
plication, and modifies the stator such that precise feed- is 
back on position and/or speed is provided. This will also 
allow the prediction of an obstruction. 
[0015] Although preferred embodiments have been 
disclosed, a worker in this art will recognize that several 
modifications will come within the scope of this inven- 20 
tion. For that reason, the following claims should be 
studied to determine the true scope and content of this 
invention. 



Claims 

1 . A system for driving a closure comprising: 

a closure (21) movable between open and so 
closed positions; 

a motor for driving said closure, said motor in- 
cluding at least one magnet (22) moving with 
said closure; 

said motor further including at least one linear 35 
stator (24), said linear stator having a plurality 
of spaced members, and said members being 
unique such that a sensor associated with said 
moving magnet can identify which member is 
being passed by sensing a signal, and compar- 40 
ing it to a number of possible signals; and 
a control (36) for identifying a position of said 
closure based upon said comparison of said 
sensed signal, and said possible signals. 

45 

2. A system as set forth in Claim 1 , wherein said mem- 
bers are a plurality of rungs (26) extending between 
laterally spaced side members (25). 

3. A system as set forth in Claim 2, wherein adjacent so 
ones of said rungs are spaced by unique distances 
(d^ d 2 , d 3 ) such that said sensor can determine the 
distance between two rungs and thus identify the 
location of said closure. 

55 

4. A system as set forth in Claim 2, wherein the indi- 
vidual rungs are made to be distinct. 



5. A system as set forth in Claim 4, wherein the width 
of wires (60, 62, 64, 66) associated with said rung 
is varied. 

6. A system as set forth in any preceding claim, where- 
in said sensor is a Hall-effect sensor. 

7. A system as set forth in any preceding claim, where- 
in said control can predict an obstruction based up- 
on a velocity determined from said position informa- 
tion. 

8. A method of identifying the position of a moving clo- 
sure (21) comprising the steps of: 

1 ) providing a linear motor including a plurality 
of spaced crossing members, said crossing 
members being spaced along a path in the di- 
rection of movement of said moving closure 
member, and a control (36) for identifying which 
of said plurality of crossing members is being 
passed by said moving closure; and 

2) sensing a signal associated with said cross- 
ing members as said closure moves, and com- 
paring said sensed signal to expected signals 
to determine a location of said moving closure. 

9. A method as set forth in Claim 8, wherein the dis- 
tance (d v d 2 , d 3 ) between adjacent crossing mem- 
bers is varied between sets of said crossing mem- 
bers such that said control can identify which of said 
crossing members is associated with a particular 
sensed signal and thus can identify a location of 
said moving closing member. 

10. A system as set forth in any one of claims 1 to 7 or 
method as set forth in claim 8 or claim 9 wherein 
the closure is a vehicle closure. 



3 



EP 1 180 443 A1 




Fig -3 



4 



EP 1 180 443 A1 




European Patent 

Office 



EUROPEAN SEARCH REPORT 



EP 01 30 6740 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Ctatlon of document with Indicated, where 
ot ratovant passages 



Relevant 
to dalm 



CLASBIFEATION OF THE 
APPLICATION pntCLT) 



DE 195 40 769 C (WEBAST0 

KAROSSER I ESYSTEME ) 

14 November 1996 (1996-11-14) 

* column 3, line 17 - line 43; claims 1-6; 
figures 1-5 * 

PATENT ABSTRACTS OF JAPAN 

vol. 2000, no. 08, 

6 October 2000 (2000-10-06) 

& JP 2000 130021 A (TOYO DENSO CO LTD), 

9 May 2000 (2000-05-09) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 2000, no. 08, 

6 October 2000 (2000-10-06) 

& JP 2000 142392 A (FUJI ELECTRIC CO LTD), 

23 day 2000 (2000-05-23) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 015, no. 260 (H-1131), 
2 July 1991 (1991-07-02) 
& JP 03 086623 A (TEKUN0BA:KK), 
11 April 1991 (1991-04-11) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 503 (M-1677), 

21 September 1994 (1994-09-21) 

& JP 06 171367 A (TOYOTA AUTO BODY CO 

LTD), 21 June 1994 (1994-06-21) 

* abstract * 

US 5 734 727 A (BROWN WILLIAM C ET AL) 
31 March 1998 (1998-03-31) 

* column 3, line 30 - line 41; figures 1-5 



1-4,6, 
8-10 



1-4,8-10 



B60J1/17 
B60J5/12 
B60J7/057 
E05F15/18 



1,8-10 



1,8-10 



TECHNICAL REL08 
SEARCHED (mt.a.7) 



B60J 
E05F 



1,8-10 



The present search report has been drawn up for all claims 



Rao* of Mich 

BERLIN 



Dflte of unH^Jwttor) oftTt*- mitfl 

13 December 2001 



Thomas. C 



CATEGORY OF CITED DOCUMENTS 

X : partautarry relevant it talcen aione 

Y : parioJany relevant If corn bined with another 

document of the same category 
A ." tecftndoglosJ background 
O : ron-writtan dtectosun) 
P : tntoi 1 1 lodsts document 



T : theory or principle underlying the Invention 
E : Bariler patent document, but published on, or 

after the filing date 
D : document cited in the application 
L ; document died lo* other reasons 



A : member of the same patent family, corresponding 
document 



5 



EP1 180 443A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numtw 

EP 01 30 6740 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cftatton of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION QntCI.7) 



DE 196 50 446 A (NEDAP NV) 
17 July 1997 (1997-07-17) 
* claims 1,2; figures 1,2 * 



TECHNICAL FIELDS 
SEARCHED (MLCL7) 



The present search-report has been drawn up for all dalms 



BERLIN 



CM* of ooonptoOon at th» mch 

13 December 2001 



ExMjnrm 

Thomas, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken alone 

Y : particularly retovant If combined wtth another 

document of the tzme category 
A : technological background 
O : non-wrttton dsctauira 
P : Intermodtate document 



T : theory or principle underlying the Invention 
E : earflor patent document, but published on, or 

after the ftfrg date 
D : document ctted In the appJteaflon 
L ' document dted lor other nessona 



& ; member 3 1 tfie same patent temlJy. corresponding 
document 



6 



EP 1 180 443 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 6740 



This annex lists the patent tamlly' members relall ng to the patent documents cited In the above-mentioned European search report 
The members are as contained In the European Patent Office EDP Die on 

The European Patent Office Is h no way labia for these particulars which are merely given tor the purpose of Information. 

13-12-2001 



Patent document 
cited In search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


DE 19540769 


C 


14-11-1996 


DE 


19540769 CI 


14-11-1996 


JP 2000130021 


A 


09-05-2000 


NONE 






JP 2000142392 


A 


23-05-2000 


NONE 






JP 03086623 2 


A 




NONE 






JP 06171367 2 


A 




NONE 






US 5734727 


A 


31-03-1998 


NONE 






0E 19650446 


A 


17-07-1997 


NL 
DE 


1001829 C2 
19650446 Al 


10-06-1997 
17-07-1997 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



7 



